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ABSTRACT 

The  effect  of  repeated  exposure  of  C3H  mice  to  radio  frequency  (RF) 
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energy  (148MHz)  was  investigated.  The  animals  were  exposed  to  0.5  raW/cm 
(63.25  V/tn)  in  a  TEM  exposure  chamber.  They  were  exposed  for  one  hour 
a  day,  five  days  a  week,  beginning  on  the  4th  and  7th  day  postpartum, 
for  10  weeks.  Both  RF  and  sham  irradiated  animals  were  weighed  daily 
from  the  beginning  of  irradiation  treatments  for  ten  weeks,  and  weekly 
thereafter.  Blood  was  drawn  from  tail  vessels  of  the  mice  for  analysis 
at  28,  70,  100,  250,  300,  260  and  600  days  of  age.  Necropsy  and 
histopathological  examinations  were  performed  on  randomly  selected  animals 
from  each  group.  The  results  indicated  that  the  formed  elements  in  the 
blood  were  not  affected  by  the  exposure.  The  means  of  body  mass  of  the 
irradiated  and  control  animals  were  comparable.  No  significant  differences 
in  the  lesion  onset,  incidence,  prevalence,  extent,  or  type  were  observed 
when  repeated  RF-exposed  animals  were  compared  with  sham-control  groups. 

The  study  thus  suggested  that  at  the  exposure  levels  studied,  biological 
effects  do  not  occur  or  are  not  detectable  from  the  parameters  used. 


/  d- 


S/N  0  107-  LF-  014-  *601 


unclassified 


SECURITY  CLASH  FIC  AT  ION  OF  THIS  FAOEOFAmi  DM*  «nl*r*<0 


ABSTRACT 
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(The  effect  of  repeated  exposure  of  C3H  mice  to  radio 

■/ 

frequency  (RF)  energy  (148  MHz)  was  investigated.  The  animals 

were  exposed  to  0.5  mW/cfn^ (63.25  V/m)  in  a  TEM  exposure  chamber. 

/\ 

They  were  exposed  for  one  hour  a  day,  five  days  a  week,  beginning 
on  the  4th  to  7th  day  postpartum,  for  10  weeks.  Both  RF  and 
sham  irradiated  animals  were  weighed  daily  from  the  beginning 
of  irradiation  treatments  for  ten  weeks,  and  weekly  thereafter. 
Blood  was  drawn  from  tail  vessels  of  the  mice  for  analysis  at 
28,  70,  100,  250,  300,  360  and  600  days  of  age.  Necropsy  and 
histopathological  examinations  were  performed  on  randomly 
selected  animals  from  each  group.  The  results  indicated  that 
the  formed  elements  in  the  blood  were  not  affected  by  the 
exposure.  The  means  of  body  mass  of  the  irradiated  and  control 
animals  were  comparable.  No  significant  differences  in 
lesion  onset,  incidence,  prevalence,  extent,  or  type  were 
observed  when  repeated  RF-exposed  animals  were  compared  with 
sham-control  groups.  The  study  thus  suggested  that  at  the 
exposure  levels  studied,  biological  effects  do  not  occur  or 
are  not  detectable  from  the  parameters  used.  - 
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I. _ INTRODUCTION 


The  impact  of  nonionizing  electromagnetic  radiation  on  the 
human  environment  has  now  become  a  matter  of  concern  to  many 
governmental  agencies,  private  organizations,  and  the  general 
public.  The  increasing  utilization  of  electromagnetic  energy 
for  various  applications  in  communication,  target  acquisition. 
Industrial  operation,  medical  practice  and  consumer  products  has 
elicited  new  and  more  critical  concern  over  possible  biological 
effects  and  health  hazards.  For  many  years  it  has  been  known 
that  radio  frequency  (RF)  electromagnetic  radiation  of  sufficient 
high  intensity  can  generate  heat  in  tissue  structures  as  a  result 
of  energy  conversion.  In  fact,  application  of  the  property  for 
deep  tissue  heating  (short  wave  diathermy)  has  become  a  standard 
technique  in  physical  medicine  for  treating  a  wide  range  of 
musculoskeletal  diseases  (Lehmann,  1971), 

Despite  the  extensive  literature  addressing  the  biological 
effects  of  microwave  radiation,  information  regarding  the  biological 
effects  of  radiation  in  the  frequency  range  of  30-300  MHz  is 
extremely  scarce. 

One  study  (Addington,  et  al.,  1961)  has  shown  that  moderate 
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to  high  incident  power  (10  to  300  mW/cm  )  RF  radiation  produces 
a  significant  body  temperature  rise  in  dogs  Irradiated  for  one 
hour.  Moreover,  the  time  required  to  raise  the  rectal  temperature 
a  given  number  of  degrees  ranged  from  20  to  350  per  cent  less  for 
parallel  polarization  (electric-field  parallel  to  the  long  axis  of 
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tho  clog  's  hotly)  than  l  t»r  perpendicular  polarization.  In  another 
study,  rats  died  quickly  af.ter  single  exposure  to  high  field 
strengths  (1000-5000  V./m)  -radio  waves  (70-200  MEz) ,  and  the 
animals  showed  marked  evidence  of  hyperthermic  stress  and  severe 
vascular  disorders  upon  necropsy.  In  experiments  (Tolgskava  and 
Gordon,  .197*)  in  which  rats  were  irradiated  daily  for  5  months 
with  low  field  strength  (10  to  150  V/m)  RF  radiation,  reversible 
morphological  changes  in  the  neural  tissues  and  parenchyma  of 
the  heart,  liver  and  testis  were  observed. 

The  effects  of  modulated  RF  radiation  have  also  been  studied. 
In  vivo  treatment  of  Chinese  hamster  bone  marrow  and  testicular 
cells  at  30-35  MHz  for  1  to  9  days  induced  significant  increases 
of  abnormal  cells  (Mickey,  et  al. ,  197.5).  The  peak—  to-peaik 
field  strength  used  was  460  V/cm  and  the  pulse  width  was  77  psec, 
(pulse  repetition  rate»1000).  Changes  in  brain  calcium  efflux 
and  transient  brain  rhythms  were  reported  (Bawin,  et  al.,  1973: 
1975)  in  cats  exposed  to  low  power 

(147  MHz)  that  was  amplitude-modulated  at  biological  frequencies 
(~35  Hz);  no  effect  was  observed  in  the  absence  of  modulation. 

While  the  biological  hazards  of  moderate  to  high  power  RF 
energy  are  clearly  related  to  the  thermoregulating  capacity  of  the 
animal,  the  effects  of  low  level  and  modulated  RF  fields  and 
waves  are  far  from  understood. 

It  is  significant  to  note  that  measurements  made  at  many 
locations  distributed  throughout  12  large  cities  in  the  United 
States  show  that  the  main  source  of  ambient  RF  energy  is  the 
broadcast  service  (Janes,  et  al.,  1977;  Tell  and  Mantlply,  1978). 
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Estimation  of  population  exposure  in  these  cities  show  that 
half  of  the  population  Is  potentially  exposed  to  O.OO'i  pw/em*" 
and  approximately  one  percent  of  this  population  is  potentially 
exposed  to  levels  greater  than  1  pW/cm^  for  prolonged  periods 
of  time.  It  is  therefore  important  to  advance  the  current 
understanding  of  RF  interaction  with  biological  systems. 

A  particular  problem  is  the  lack  of  realistic  theoretical 
and/or  experimental  description  of  induced  fields  in  animals  and 
humans.  This  steins  mainly  from  the  difficulties  arising  from 
the  complex  shape  of  mammalian  body  and  also  from  the  fact  that 
previous  investigators  have  assumed  that  only  the  electric  field 
induced  absorption  in  the  body  of  man  is  of  significance  at 
low  frequency  (Rogers,  1969;  Schwan,  1972).  Recent  results  (Lin, 
et  al.,  1973;  Durney,  et  al.,  1975)  have  indicated  that  in  models 
of  man,  magnetic  coupling  is  as  important  as  electric  coupling  at 
lower,  frequencies.  Furthermore,  it  was  found  that  the  total 
absorbed  energy  can  be  obtained  from  the  sum  of  quasi-static 
electric  and  quasi-static  magnetic  components  at  these  (30-300  MHz) 
frequencies. 

A  summary  of  the  computed  average  specific  absorption  rates 

(SAR)  in  homogeneous  (muscle)  spherical  (Lin,  et  al.,  1973)  and 

spheroidal  (Durney,  et  al.,  1978)  models  of  human  and  mouse  Is 

given  in  Table  J.  The  incident  plane  wave  power  density  is 
2 

1  tnW/cm  which  corresponds  to  a  peak  electric-field  strength  of 
86.8  V/m.  In  general,  the  energy  absorption  is  quite  small  for 
both  humans  and  mice  in  the  frequency  range  of  10  to  300  MH*. 

The  computed  absorption  is  higher  for  the  spheroidal  model  than 


Table  1  Computed  average  specific  absorption  rates  (SAR)  in  simulated 
human  and  mouse  exposed  to  1  mW/cm2  of  incident  plane  wave 
power  density 
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for  the  spherical  model.  The  average  SAP.'s  for  the  human  models 

are  slightly  higher  than  that  for  the  mouse  model  and  reach 

maximum  values  in  this  frequency* range.  The  ratio  between  human 

and  mouse  absorption  varies  between  4  and  37  for  the  spherical 

models,  and  between  1  and  20  for  the  spheroidal  models.  At  150  MHz, 

the  average  SAR  in  mouse  is  about  2.5  to  5  rimes  less  than  in  humans 

exposed  to  the  same  incident  power.  A  plane  wave  power  density  of 
2 

0.5  mW/cm  impinging  on  a  mouse  therefore  would  correspond  to  0.11 
2 

to  0.21  mW/cm  impinging  on  a  human  subject.  Note  that  while  this 
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level  is  considerably  less  than  the  10  mW/cm  guideline  for  continuous 
exposure,  it  is  more  than  one  hundred  times  higher  than  the 
estimated  level  encountered  by  99  percent  of  the  population  in 
major  cities  in  the  United  States. 

The  purpose  of  the  present  study  is  to  investigate,  through 
an  interdisciplinary  effort  and  under  controlled  laboratory 
conditions,  the  effect  of  low-level  RF  radiation  on  the  growth, 
hemotology  and  histopathology  of  mice.  Of  course,  one  must  keep 
in  mind  that  all  effects  are  not  necessarily  hazardous.  In  fact, 

3ome  effects  may  have  beneficial  applications  under  appropriately 
controlled  circumstances.  Therefore,  RF  induced  biological 
changes  must  be  sufficiently  understood  so  that  their  clinical 
significance  can  be  determined,  their  hazard  potential  assessed, 
and  the  proper  benefit/risk  analysis  applied  to  establish  realistic 
trade-offs. 

The  results  indicate  that  the  formed  blood  elements  of  the 
mouse  are  not  affected  when  the  animals  are  exposed  tu  low-level 
RF  fields,  (0.53  mW/cm^  or  fi.3.25  V/m  peak  In  a  TEM  exposure  chamber 
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operating  at  148  MHz).  Tlu*  comparable  gain  of  body  masses  of 
the  exposed  and  control  animals  of  each  group  suggest  that  the 
animals  remain  In  comparably  good  health  during  the  experimental 

j 

periods.  Necropsy  and  histopathologic  examinations  of  major 
organ  systems  have  not  revealed  changes  that  could  be  attributable 
to  this  level  of  RF  exposure. 

II  .  Ill’  KX  1*081 1  111- 

Exposure  JJyrttem 

The  exposure  system  consists  of  four  aluminum  exposure  chambers 
(TEM  cells)  which  have  been  designed,  constructed  and  tested  for 
operation  between  50  and  200  MHz.  The  design  closely  follows  that 
described  by  Crawford  (1974).  It  consists  of  a  section  of  TEM 
mode  rectangular  transmission  line,  tapered  at  both  ends  to 
transitions  which  adapt  the  chamber  to  50-ohm  coaxial  cables 
using  type  N  connectors  (see  Figure  1).  The  dimensions  of  the 
square  section  are  50  cm  x  50  cm  x  50  cm.  The  distance  between 
the  center  conductor  plate  and  the  top  wall  is  25  cm.  The 
ail  vantages  of  the  exposure  chamber,  in  addition  to  broadband, 
are  compactness  and  portability  which  eliminates  the  need  for 
an  expensive  anechoic  chamber  or  shielded  room. 

The  frequency  response  of  the  chamber  was  tested  by 
connecting  the  input  and  output  terminals  to  a  Rhode  &  Schwarz 
Polyskop  II.  Figure  2  shows  the  frequency  characteristics  between 
50  and  300  MHz.  It  is  seen  that  the  frequency  behavior  of  the 
chamber  is  flat  between  50  and  200  MHz,  and  deteriorated  somewhat 
for  frequencies  above  200  MHz,  At  the  operating  frequency  of 
148  MHz,  the  exposure  chamber  has  a  characteristic  impedencc 
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Figure  2. 
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Frequency  response  characteristics  of  the  TEM  exposure 
chnmbor. 
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of  50  ohms.  It  is  therefore  matched  to  the  input  coaxial  cable. 

Transmission  line  exposure  chambers  similar  to  that  shown  in 

Figure  1  have  been  shown  to  be  extremely  useful  for  generating 

uniform  plane  wave  fields  in  a  confined  space  (Crawford,  1974; 

Baird,  1974).  The  wave  impedance  throughout  the  chamber  has 

been  shown  to  be  very  close  to  the  intrinsic  free-space  impedance. 

The  electric  field  or  power  density  at  the  center  of  the  upper 

chamber,  measured  using  a  National  Bureau  of  Standard  (NBS) 

electric  energy  density  meter,  is  shown  in  Figure  3.  It  can  be 

seen  that  the  calculated  absolute  electric  field  value  using 
1  ^2 

E  =  [(PR)  '  ]/d,  where  P  is  the  net  forward  power,  R  =  50  ohms, 
and  d  is  the  distance  of  separation  between  the  center  conductor 
and  the  top  chamber  wall,  is  exactly  the  same  as  that  measured 
using  the  NBS  meter.  The  results  obtained  using  an  Instrument 
for  Industry  (IFI  Model  EFS-1)  electric  field  sensor  are  also 
shown.  In  general,  the  IFI  measurements  were  higher  than  the 
NBS  values. 

The  field  (or  power  density)  distribution  in  the  plane 
midway  between  the  center  conducting  strip  and  the  top  wall  of 
the  upper  chamber  was  calibrated  using  an  NBS  electric  energy 
density  meter.  The  transverse  distribution  along  the  center 
line  is  shown  in  Figure  4.  It  is  seen  that  the  field 
distribution  is  quite  uniform.  In  fact,  the  electric  field 
strength  is  approximately  the  same  within  a  horizontal  region 
of  30  cm  by  30  cm  around  the  center  of  the  upper  chamber. 

During  exposure,  four  animals  are  located  at  four  standard 
positions,  within  the  chamber  and  are  exposed  to  the  same 
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Figure  3 


Power  density  at  center  of  upper  chamber.  A  comparison 
of  measured  and  computed  values. 


HOCK 
50  cm 


Figure  5.  Schematic  of  TEM  coaxial  exposure  chamber  showing 

standard  animal  locations  for  simultaneous  irradiation 
of  four  mice.  The  incident  power  density  (or  field 
strengtli  is  virtually  the  same  at  all  four  locations. 
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Incident  power  density  (Figure  5).  For  the  results  reported,  an 

2 

incident  power  density  of  0.53  mW/cm  is  used  which  corresponds 
to  a  computed  average  specific  rate  of  absorbed  RF  energy  of 
0.013  mW/g  using  a  mass  equivalent  muscle  spheroid  (Durney, 
et  al.,  1978). 

Styrofoam  cups  measuring  6.5  cm  high  and  8.5  cm  in  diameter 
(Dart  container  8S12)  were  used  for  confining  the  animals  during 
exposure  (see  Figure  6).  Acrylic  plastics  have  been  shown  (Lin, 
et  al.,  1976;  1977)  to  be  inadequate  as  animal  holders  since  they 
perturb  the  incident  electromagnetic  field.  Two  cups  are  stacked 
together  to  form  a  restrainer  for  each  animal.  Ten  0.24  cm 
diameter  holes  were  drilled  in  the  thin  plastic  lid  to  provide 
ventilation.  This  holder  produces  minimal  stress  in  the  animals 
and  minimal  distortion  to  the  incident  field.  With  four  animals 
in  the  chamber  at  the  same  time,  as  indicated  in  Figure  5,  the 
total  volume  occupied  by  the  animals  and  their  restrainers  is 
less  than  l/5th  of  the  upper  chamber  volume.  One  would  therefore 
expect  a  fairly  small  perturbation  of  the  TEM  field  due  to  the 
animals'  presence.  This  point  has  also  been  experimentally 
ascertained  using  an  NBS  electric  energy  density  probel.  The 
complete  exposure  system  is  shown  in  Figure  7.  The  RF  energy 
generated  by  the  signal  source  (HP  608C)  is  amplified  in  three 
stages  to  reach  n  maximum  of  1000  watts  at  the  input  of  the 
chamber.  The  forward  and  reflected  powers  are  measured  using 
two  Bird  Model  43  Wattmeters  with  appropriate  plugins.  The 
maximum  electric-field  strength  obtainable  at  the  center  of 
the-  chamber  is  greater  than  900  V/m,  continuously  variable 
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Figure  7 


Schematic  of  RF  exposure  system 
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Iron)  0  V/m.  at  cue  operating  frequency  of  148  MHz.  The 
corresponding  incident  power  density  is  from  0  to  100  mW/cm2. 
Exposure  Protocol 

To  test  the  effects  of  repeated  exposure  to  RF  fields,  mice 
were  exposed  daily  for  one  hour  a  day,  five  days  a  week,  from  the 
4th -7th  day  postpartum  for  10  weeks.  Mice  were  divided  into  two 
groups  to  serve  as  control  and  exposed,  respectively.  The  animals 
were  weighed  daily  from  the  beginning  of  RF  irradiation  to  10 
weeks,  and  weekly  thereafter.  Groups  of  four  were  placed  in  either 
tlie  control  of  irradiate  chambers  at  the  four  standard  positions 
previously  mentioned.  Each  session  usually  began  at  0900  hours 
and  lasted  for  5  to  6  hours.  The  assignment  to  time  of  the  day 
of  exposure  was  random. 

m .  EXPERIMENTAL  MATERIALS 

The  subjects  were  an  inbred  strain  of  mice  (C3H/StCr/Br) 
acquired  from  Charles  River  Breeding  Laboratories  (Wilmington, 
Mass.).  Six  week  old  breeders  were  set  up  in  a  breeding  colony, 
using  a  female-to-raale  ratio  of  3  to  1  and  a  non-forced  breeding 
system.  After  an  acceptable  breeding  record  (6  for  the  first 
litter),  the  offsprings  were  grouped  and  used  as  shown  in  Table  2. 
Note  that  the  animals  were  randomly  assigned  to  control  and  exposed 
groups  except  that  an  attempt  was  made  to  match  the  ratio  of 
females  to  males  in  each  group. 

The  effect  of  repeated  RF  exposure  was  investigated  using  136 
animals  in  three  replications  (Table  2).  They  were  exposed  for  one 
hour  a  day,  five  days  a  week,  beginning  on  the  4th  to  the  7th  day 
postpartum  for  10  weeks.  Mice  were  divided  into  two  groups  to  serve 
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Table  2  Animals  used  for  experiments  involving  repeated  exposure. 


Experiment  Age  at  1st  Number  of  Animals 

Exposure  _ _ 

sham-exposed  RF-exposed 

(days)  _ 


Female 


Male 


Female  Male 


Tin*  offspring  were 


It 

.is  control  ;ind  exposed,  respectively, 
we.ioed  .it  ?[  d.ivs  of  age.  The  three  exposure  periods  encompassed 
all  seasons  of  Lite  year. 

The  animals  were  housed  in  the  same  room  where  RF  exposures 
were  conducted.  The  temperature  and  relative  humidity  of  the 
room  were  kept  between  20°  to  24°C  and  35  to  65  percent,  respectively. 
They  were  initially  monitored  at  least  twice  daily  and  continuously 
later  using  a  Bacharach  Tempscribe  and  a  Hygrothermograph, 
respectively.  Except  during  the  one-hour  exposure  periods,  food 
(Purina  Mouse  Chow  5015)  and  water  were  provided  ad  libitum. 

The  animals  were  maintained  under  nonbarrier  conditions. 

No  other  animal  research  projects  were  housed  in  the  building 
thus  the  possibility  of  exposure  to  infectious  agents  common 
to  laboratory  mice  was  markedly  reduced.  The  animals  were  kept 
in  either  polypropylene  or  polycarbonate  cages  (dimensions 
15cm  H  x  25cm  L  x  19cm  W) ;  woodchlp  contact  bedding  (Sani-chips, 

P.J.  Murphy,  Moonachio,  N.J.)  was  utilized.  The  standards  of 
animal  care  and  use  met  or  exceeded  those  set  forth  in  the  Guide 
for  the  Care  and  Use  of  Laboratory  animals,  DHEW  Publication 
No.  (NIH)  78-23.  The  study  was  accomplished  in  facilities 
accredited  by  the  American  Association  for  Accreditation  of 
Laboratory  Animal  Care  (AAALAC) . 

Quality  control  assurance  of  animal  health  was  accomplished 
principally  through  clinical  observations,  and  necropsy  examinations. 
Complete  blood  cell  counts  and  the  evaluation  of  weight  gain 
and  maintenance  patterns  also  significantly  contributed  to  the 
health  screening  process.  Serum  specimens  were  collected  from 
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randomly  selected  animals  and  submitted  to  a  commercial  laboratory 
(Microbiological  Associates,  Animal  Disease  Diagnostic  Testing 
Service,  Bethesdn,  Md.)  Cor  serodiagnostic  testing.  Tests 
were  accomplished  for  the  Sendai  virus,  pneumonia  virus  of  mice 
(PVM) ,  mouse  hepatitis  virus  (MHV)  and  the  lymphocytic  chorio¬ 
meningitis  virus  (LCM) .  No  evidence  of  infection  with  these  agents, 
that  generally  cause  latent  or  subclinical  infection,  was  detected. 

TV.  BIOLOGICAL  PROCEDURES 

Growth 

The  animals  were  weighed  daily  on  a  top-loading  electronic 
balance  (Ainsworth)  from  the  4th  to  the  7th  day  postpartum  to 
10  weeks  of  age,  and  weekly  thereafter  until  the  animals  die  or 
are  terminated  at  old  age.  The  change  in  body  mass  served  as 
a  quantitative  index  of  growth  and  as  an  indicator  of  general 
health  status. 

Hematology 

Peripheral  blood  was  withdrawn  from  the  tail  vessels  of  the 
mice  for  hematological  evaluation  at  28,  70,  100,  250,  300,  365, 
and  600  days  of  age.  The  28th  and  70th  day  samples  were  taken 
immediately  after  Sham  or  RF  exposure. 

The  mice  were  restrained  but  not  anesthesized  in  a  well- 
ventilated  round  plastic  tube  of  appropriate  body  dimensions 
to  minimize  stress  effects  during  the  collection  procedure. 

A  vessel  in  the  tower  portion  of  the  tail  was  cut  with  a  sharp 
scalpel  blade  (#10) .  Blood  was  then  drown  into  a  heparinized 
20  /il  (+  0.5%)  micropipet  and  rapidly  transferred  to  a  Coulter  Accuvette 
containing  10  ml  of  Isoton  standard  solution.  This  first  dilution 


procedure,  performed  manually,  yielded  a  1:500  diluted  solution. 

An  accuracy  of  +  0.1%  was  maintained  by  dispensing  the  isoton 
via  an  F.chols  automatic  pipettor. 

The  hematocrit  was  determined  using  micro-techniques 
employing  a  Clay  Adams  Readacrit  centrifuge.  In  a  manner  similar 
to  that  described  above,  blood  was  collected  directly  from  the 
same  cut  vessel  with  a  15  |i  1  micro— hematocrit  capillary  tube. 

FlnaLly,  a  small  drop  of  blood  was  used  lo  prepare  a  differential 
slide.  The  total  blood  volume  required  for  hematological  analysis 
was  thus  less  than  45  pi,  and  seldom  was  more  than  one  tail-cut 
necessary.  Note  that  the  complete  procedure  was  performed  rapidly 
to  avoid  any  clotting  of  the  capillary  blood  which  could  result 
in  erroneous  blood  parameter  values.  This  collection  technique 
was  refined  so  that  the  total  withdrawal  time  did  not  exceed  two 
minutes . 

Leukocyte  and  erythrocyte  counts  were  automatically  determined 
by  a  Coulter  model  ZBI  counter.  A  small  volume  of  the  1:500  dilution 
isotonic  solution  was  further  dilated  to  1:50,000  solution  with 
a  Coulter  automatic  dlluter.  This  new  dilution  was  used  to  perform 
the  erythrocyte  counts.  The  leukocyte  counts  and  the  hemoglobin 
values  (g/dl)  were  determined  from  the  first  dilution.  The 
accuracy  of  the  Coulter  Hemoglobinometer  has  been  verified  by 
spectrophotometric  methods.  Likewise,  blood  counts  have  been 
compared  to  hemacytometer  chamber  counts  with  very  good  correlation. 
After  calibrating  the  Coulter  counter  with  known  standards  the 
accuracy  of  counts  via  the  manual  dilution  techniques  was  found 
to  be  within  \7,  of.  the  accepted  count  values.  Similar  standards 


21 


were  used  to  calibrate  the  Hetnoglobinometer. 

Human  operator  errors  associated  with  leukocyte  differential 
counts  were  reduced  by  randomly  dividing  work  load  between 
two  technicians.  In  independent  studies,  there  was  acceptable 
operator  correlation  of  cell  classification  for  any  given  slide 
Histopathology 

At  least  two  animals  were  randomly  selected  from  each  control 
and  exposure  group  to  undergo  complete  necropsy  at  28,  70,  100, 

250,  300,  365  and  600  dats  if  age.  The  animals  were  killed  in  a  closed 
chamber  using  carbon  dioxide  delivered  from  a  compressed  gas  tank. 
During  the  necropsy  procedure,  macroscopic  examination  of  the  carcass 
and  all  tissues  was  performed,  and  photographs  were  taken  of  the 
intact  viscera. 

Kidney,  spleen,  thymus,  testicle,  ovary,  adrenal,  thyroid,  lung 
heart,  urinary  bladder,  brain,  eye,  skin,  uterus,  preputial  gland, 
salivary  gland,  stomach,  small  intestine,  large  intestine,  liver 
and  pancreas  were  processed  for  histologic  examination  using  the 
light  microscope.  The  tissues  were  fixed  in  10Z  neutral  buffered 
Formalin  and  then  were  dehydrated,  cleared,  impregnated  and  embedded 
in  paraffin;  sectioned  at  6-8Mm,  mounted  on  a  5  by  7.5  cm  glass  slide, 
stained  with  hematoxylin  and  cosln,  and  rover  slipped.  The  seel  Ions 
were  then  screened  in  the  "blind"  for  the  presence  of  microscopic 
lesions.  Lesion  findings  in  control  and  exposed  animals  were  then 
compared  and  evaluated. 

RF  or  sham  exposed  anim  a  Is  that  died  during  the  study  period 
were  necropsied  to  establish  the  cause  of  death  and  to  assure  the 
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the  absence  of  contagious  Infectious  disease.  The  monitoring 
included  evaluation  of  colony  stock  animals  that  were  housed  in 
Liu1  room  wLtli  KF  exposed  ami  control  animals.  These  animals  were 
evaluated  to  aid  in  establishing  normal  biological  baseline  data. 

Animals  found  in  a  weak  or  moribund  condition  were  humanely 
euthanized  using  carbon  dioxide  in  a  closed  chamber.  The  animals 
were  ©hen  necropsied  immediately  or  alternatively  the  body  cavities 
were  opened  and  the  carcass  was  fixed  in  10%  buffered  formalin  and 
examined  for  pathologic  change  at  a  later  time.  Aged  (500-900  days) 
RF  exposed  animals  and  sham  irradiated  animals  were  randomly 
selected  for  necropsy  to  evaluate  aging  changes. 

Kecronsy  observations  were  recorded  .and  the  reports  filed; 
the  various  types  of  non-neoplastic  and  neoplastic  lesions  noted 
were  photographed  for  documentation  purposes. 

Statistical  Analysis 

The  student's  t-test  was  -employed  to  assess  the  significance 
of  the  effects  of  RF  exposure  on  mass  gains  and  hematological 
parameters.  The  Chi-square  test  with  Yate's  correction  for 
continuity  was  used  to  determine  the  significance  of  histopathological 
findings. 

V.  RESULTS  AND  DISCUSSION 

Growth 

There  were  no  significant  differences  between  the  RF  and  sham 
exposed  mice  In  terms  of  growth  as  judged  by  mean  body  mass  gains. 
Figure  8-13  -/resent  the  mean  body  masses  for  the  three  experiments 
according  to  sex,  For  the  F3-2  experiment  shown  in  Figures  8  and  9 
the  mean  body  masses  of  RF-exposed  males  were  significantly  (p<0.05) 
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Figure  9. 


Mearr  body  mass  of  sham-irradiated  and  irradiated 
F3-2  female  mice. 
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Figure  10.  Mean  body  mass  of  RF-  and  sham-irradiated  F4-2  male 
mice. 
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less  than  the  sham  exposed  ones,  whereas  experiment  FA-2  shown 
in  Figures  10  and  11  the  exposed  male  body  masses  were  higher 
than  the  sham  after  the  first  several  weeks  of  life.  The 
difference  between  the  gains  in  body  masses  exhibited  by  the 
animals  in  FA-2  experiments  was  not  statistically  significant 
(p>0.05).  Up  to  250  days  of  age,  animals  of  the  Fl-2  experiment 
exhibited  no  difference  in  growth  (Figures  12  and  13).  Details 
of  the  statistical  analysis  are  given  in  Appendix  A. 

Hematology 

Values  of  blood  cell  counts,  packed  cell  volume  (hematocrit) 
and  hemoglobin  in  RF-exposed  animals  which  had  blood  withdrawn 
from  the  tail  vessels  at  different  ages,  in  comparison  with  those 
from  the  sham  exposed  animals,  are  shown  in  Figures  1A  to  31. 

No  significant  changes  (p>0.05)  were  noted  in  the  numbers  of 
erythrocyte,  leukocyte,  lymphocytes  or  segmented  neutrophils, 
and  in  the  values  of  hematocrit  or  hemoglobin. 

Statistical  summaries  of  the  blood  parameters  for  each 
experiment  are  presented  in  Appendix  B. 

Pathology 

Histopathological  and  necropsy  evaluation  revealed  several 
neoplastic  and  non-neoplastic  lesions  that  were  consistently  seen 
in  all  test  groups,  controls  and  colony  stock  animals.  Most  lesion 
types  documented  were  apparently  reined  to  aging  and  principally 
seen  after  A00  days  of  age.  Non -noop last le  lesions  noted  In  the 
study  groups  are  listed  in  Tables  3  and  A,  for  male  and  female  mice, 
respectively. 

The  non-neoplastic  condition  of  pancreatic  islet  hyperplasia 
(endocrine  pancreas)  was  commonly  seen  with  equal  frequency  in  male 
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Figure  18.  Lymphocyte  counts  for  sham-irradiated  and  irradiated 
F3-2  mice  as  a  function  of  age. 


Figure  19.  Segmented  neutrophil  counts  for  sham-lriadiated  and 
irradiated  F3-2  mice  ao  a  function  of  age. 
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igure  21.  Vfhite— blood-cell  counts  for  RF-  and  sham-irradiated 
F4-2  mice  as  a  function  of  age. 
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Figure  27.  White-blood-cells  of  RF-  and  sham-irradiated 
Fl-2  mice. 
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Figure*  29.  Hemoglobin  of  KF-  and  sham-  Lr rad  ia tod  Fl-2 
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Figure  30.  Lymphocytes  of  RF-  and  sham-irradiated  Fl-2  mice. 

Figure  31.  Segmented  neutrophils  of  RF-  sham-irradiated 
Fl-2  mice. 
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Table  3  Sunmary  of  Non-neoplastic  Lesions  in  Male  Mice 
(x/y  indicates  lesion  noted  vs.  number  of  animals  examined) 


Lesion 


RF-F.xposed  Controls  Stock  Animals 


Kidney  Scarring 


2/22 


1/37 


Urolithiasis 


1/22 


2/37 


Pancreatic  islet  3/20  4/22 

hyperplasia 


Table  4  Summary  of  Hon-ne 
(x/y  indicates  le9ion  noted 


Lesion  RF- Exposed 


Salivary  gland  duct 

obstruction  1/20 


Pancreatic  islet  5/20 

hyperplasia 


cystic  ovary 


4/20 


Uterine  endometrial 
hyperplasia  with 
mucometra  or  hydrometra 


5/20 


Controls 


Stock  Animals 
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and  female  mice.  It  was  noted  especially  after  500  days  of  age 
in  14  percent  of  the  animals.  Females  revealed  cystic  ovaries 
in  15  percent  of  the  animals.  Uterine  enlargement  with  either 
mucometra  or  hydrometra  was  generally  present  in  females  exhibiting  cystic 
ovaries.  The  uterine  enlargement  resulted  from  endometrial 
hyperplasia.  The  other  lesions  listed  in  Tables  3  and  4  occurred 
too  infrequently  to  establish  any  reliable  prevalence  and  can 
best  be  described  as  occasional  findings  (generally  0-10  percent) . 

There  was  no  significant  difference  in  the  incidence  of  any 
given  non-neoplastic  lesion  among  all  the  animal  groups  listed  in 
Tables  3  and  4,  except  for  the  pancreatic  islet  hyperplasia 

2 

between  control  and  stock  animals  (x*  **  4.63;  at  1  df ,  p<0.05). 

If  the  total  number  of  non-neoplastic  lesions  for  each  sex  is 
compared  however,  the  incidence  of  non-neoplastic  lesions  in  RF 
exposed  male  animals  was  significantly  higher  (60%)  than  that  (26%) 
of  the  stock  animals  (x^  ■  4.61;  at  1  df ,  p<0.05).  It  should  be 
noted  that  the  difference  between  RF  and  sham  exposed  mice  was 
not  significant. 

One  neoplasm  type,  the  hepatoma,  was  seen  with  high  frequency 
in  animals  400  days  and  older  of  both  sexes  (Tables  5  and  6) .  All 
nodular  lesions  or  tumors  arising  from  liver  parenchyma  cells  were 
classified  for  compilation  purposes  as  hepatomas.  No  attempt  was 
made  to  separately  classify  the  lesions  as  nodular  hyperplasia, 
non-mallgnant  hepatoma  and  hepatocellular  carcinoma.  These  lesions 
may  represent  stages  of  hepatocyte  derived  neoplasms  (Solt  and 
Farber,  1976;  Squire  and  Levitt,  1975).  The  prevalence  appears  to 
be  30  percent  regardless  of  sex  or  animal  group.  The  small  number 
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Table  5  Summary  of  Neoplasms  In  Male  Mice 
(x/y  indicates  neoplasm  diagnosed  vs.  number  of  animals  exposed) 


Neoplasm 

RF-Exposed 

Controls 

Stock  Animals 

Hepatoma 

8/20 

9/22 

16/37 

Hemangio-endothelloma 

(benign) 

1/22 

Lymphoma 

(thymic  or  splenic) 

1/20 

Pulmonary  Neoplasm 

1/22 

4/37 

(a  1 veologenic ) 


Harderian  gland  adenoma 


1/37 
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Table  6  Summary  of  Neoplasms  in  Female  Mice 
(x/y  indicates  neoplasm  diagnosed  vs.  number  of  animals  examined) 


Neoplasm 

RF- Exposed 

Control 

Stock  Animals 

Hepatoma 

7/20 

2/17 

3/31 

Lipoma 
(mesenteric ) 

1/20 

Pulmonary  neoplasm 
(alveologenic) 

1/17 

Harderian  gland 

2/31 

Fibrosarcoma 

• 

1/31 

Mammary  gland  (adenoma 
or  adenocarcinoma) 

1/31 

Ovarian  neoplasm 

1/31 

Uterine  leiomyoma 

1/17 

Undifferentiated  carcinoma, 
suspect  Thyroid  origin 

1/17 

1/31 
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of  animals  which  was  evaluated  by  necropsy  however  will  not  permit  a 
statement  of  exact  hepatoma  prevalence  in  this  substrain. 

The  other  types  of  neoplasms  detected  occurred  Infrequently 
with  a  prevalence  of  0-10  percent.  There  was  no  indication  that 
a  difference  exists  in  neoplasm  prevalence,  time  of  onset,  stage  of 
differentiation  and  biologic  behavior  when  sham-a ml  RK-ox posed 
mice  were  compared. 

Necropsy  and  his tops tho logy  revealed  no  evidence  of  RF-lnduced 
change  in  those  animals  selected  for  necropsy  prior  to  300  days 
of  age.  Idiopathic  partial  alopeci  was  commonly  seen  with  equal 
frequency  in  male  and  female  mice  of  all  groups  beginning  at  150 
days  of  age.  The  animals  were  free  of  ectoparasites. 

It  is  recognized  that  the  sample  size  for  necropsy  evaluation  and 
histopathological  examination  was  small.  The  observations  primarily  served 
a  quality  control  function.  It  is  also  noted  that  there  Is  limited 
pathology  data  available  in  the  literature  concerning  lesion  incidence 
and  prevalence  during  the  life  span  of  C3H/StCr  (BenirachkI, 
et  al,,  1978;  Cotchin  and  Roe,  1967;  Green,  1968;  Jones,  1976;  Murphy, 

1966;  Ribelin  and  McCoy,  1971;  Robinson,  et  al.,  1974;  Staats,  1972; 
VesHlinovltch,  et  al.,  1978;  Williams,  et  al.,  1977).  • 

General  Clinical  Observations 

The  sham  and  RF  exposed  animals  remained  remarkable  free  of 
spontaneous  Infectious  agent  caused  disease.  Mo  clinically 
recognizable  contagious  Infectious  disease  occurred  In  the  colony 
during  the  study.  Except  for  one  instance  of  bacterial  pneumonia  m 
a  single  control  mouse,  infections  were  noted  only  secondary  to 
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other  primary  causes  resulting  in  either  injury  or  necrosis 
of  tissue.  Microscopic  examination  of  stained  organ  and  tissue 
sections  did  not  show  evidence  of  latent  or  subclinical  infections. 

Clinical  observations  and  necropsy  evaluation  detected 
several  neoplastic  and  non-neoplastic  lesions  that  were  consistently 
seen  in  all  test  groups,  controls  and  colony  stock  animals.  Lesions 
did  not  differ  perceptibly  among  animal  groups  in  age  onset,  incidence, 
prevalence,  severity  or  extent  of  involvement  and  general  biologic 
effect. 

It  is  significant  to  note  that  no  evidence  of  immunosuppression 
occurred  because  spontaneous  primary  infection  was  a  rare  event. 
Hematopoietic  and  lymphoreticular  system  neoplasms  occurred  infrequently; 
immunosuppression  is  known  to  increaoe  the  likelihood  of  neoplastic 
proliferation  of  these  tissues.  During  the  period  of  the  study  no 
cataracts  were  noted.  Fertility  differences  among  irradiated  and 
control  animals  were  not  detected.  Body  growth  patterns  did  not 
differ  among  sham  and  RF  exposed  animals.  * 


VI •  SUMMARY 

• ' *  ^ 

The  effect  of  repeated  exposUt#fyf  C3B  mice  to  radio  frequency  -■ 

■4W  ■ 

(RF)  energy  (148  MHz)  was  investigatV^.  The  animals  were  irradiated 
to  0.5  mW/cm  (63.25  V/m)  in  a  TEM  ejtpoeure  chamber.  They  were 
irradiated  for  one  hour  a  day,  five  days  a  week,  beginning  on  the 
4th  to  the  7 th  day  postpartum,  for  10  weeks.  Both  RF  and  sham 
irradiated  animals  were  weighed  daily  from  the  beginning  of 
irradiation  treatments  for  10  weeks,  and  weekly  thereafter.  Blood 
was  drawn  from  tall  vessels  of  the  mice  for  analysis  at  28,  70,  100, 
250,  300,  360  and  600  days  of  age.  Necropsy  and  hispathological 
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examinations  were  performed  on  randomly  selected  animals  from  each 
group. 

The  results  .indicated  that  the  formed  elements  in  the  blood 
were  not  affected  by  the  exposure.  The  means  of  body  mass  of 
the  irradiated  and  control  animals  were  comparable  no  significant 
differences  in  the  ltjsion  onset,  Incidence,  prevalence,  extent,  or 
type  were  observed  when  repeated  RF-exposed  animals  were  compared 
with  sham-control  groups.  The  study  thus  suggested  -that  at  the 
exposure  levels  studied  biological  effects  do  not -occur  or  are  not 
detectable  from  the  .parameters  used. 
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Tab  It*  A.l  Bodv  masses  for  F3-2  malt'  mice. 
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Statistical  Summary  of  Blood  Parameters 
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Red  blood  cells  of  F3-2  male  mice. 


I 

i 


I 


i.lLflJJ.  IllhlifSli:  .  ,  I.  Ilillilli:  m.j  . 


Table  B.2 

White  blood  cells  of  F3-2  male  mice. 
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Table  B . 3 

Packed  cell  volume  of  F3-2  male  mice. 


Table  B.4 

Hemoglobin  of  F3-2  male  mice. 
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Packed  c e .'  ]  volume  of  F3-2  female  mice 
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Table  B.10 

Hemofelobir  of  F3-2  female  mice 
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Lymphocytes  of  F3-2  female  mice 
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Table  B..17 

I.vnphoi'.v tps  of  Fi-2  male  mice 


I  L.UU  I 


OOIED  UABlOhCE  ESTIMATE  *  SEPARATE  OAPIABCE  ESTIMATE 


Table  B.  21 

arked  cell  volume  of  Fi-2  female  mice. 


Table  R  -  22 

Hemoglobin  of  F4-2  female  mice 


Table  B.23 

Lvmnhoc vtos  of  F4— 2  female  mice. 
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Table  15.2  5 

Red  blood  cells  o£  FI— 2  male  mice. 
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Table  B. 27 

Parked  cell  volume  of  FI- 2  male  mire. 
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1 1  i-’niog  I  nh  i  n  of  FI— 2  m.ilc  in  if 


Table  B.29 

Lymphocytes  ai  Z~l-2  male  mlr 


Table  B. 10 
Segmented  neutrophils  of  i 


Tab  Le  F, .  31 

Red  blood  cells  of  Fl-2  female  mice. 
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Hemoglobin  of  Fl-2  female  mice. 
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Table  B.35 

Lymphocytes  of  F ]  —  2  female  mice 
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Table  B.36 
Segmented  neutrophils  of  1 


